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J> \ A feasibility study of a 500-GeV linear collider is presented for mSUGRA 

0^ i models in co-annihilation region. We find an active mask is critical to suppress 

\ e+e^ e+e~T"'"r~ events to probe the models. 

<N : 
o . 

2 : 1 Feasibility of 500-GeV Linear Collider 

^ : 

The grand unification of the three gauge coupling constants arise naturally in min- 
Oh. imal SUGRA (mSUGRA) models with universal soft breaking parameters {mii2, 

(— I \ niQ, Aq, tan/?, sign of ^).^'^ The experimental data to provide the most significant 

sjjl ' constraints are the Higgs mass bound, the 6 ^ 57 branching ratio, and (possibly) 

•'-j . the muon magnetic moment anomaly (a^) along with the amount of relic density 

r> i of the lightest neutralino (x?) as cold dark matter. These constraints produce a 

d ' lower bound of mi/2 > 300 GeV (Higgs mass and b — > 57) and an upper bound 

of mi/2 ^ 900 GeV (a^), making the SUSY spectrum well accessible to the LHC.^ 
The relic density constraints limit the most part of the allowed parameter space to 
narrow band where fi-Xi co-annihilation occurs.'*'^ See, for example, Fig. 1.^ Further, 
at large tan/3 (e.g., 40), M^^ becomes the next to lightest SUSY particle and all 
other SUSY particles would be too heavy to produce in pair at e+e" linear colliders 
(LCs). The only accessible production at 500-GeV LCs could be X2X1) ^i^^i ^^id 
XiXi, where M-± > 250 GeV and AM = Mf - M~o = 5-30 GeV. Furthermore, 

the X2 ~^ '^I'T decay is dominant. This guides us to the conclusion that one of the 
most critical experimental sigantures is r+r" plus missing energy. We present a 
feasibility study of a 500-GeV LC for the signature of two hadronically-decaying r 
lepton (t/j) plus missing energy. 
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Figure 1: Parameter space, in mo-mi/2 plane of mSUGRA models (tan/3 = 40), allowed by relic 
density of Xi's as cold dark matter? Also shown are branching ratios for Bs fj,'^ fi~ , where three 
dashed lines indicate Br = 2 x 10"*, 1 x 10"*, and 7 x 10"^. The Tevatron Run II with 15 fb"^ 
will be accessible to 1 x 10"*. The vertical dotted lines label Higgs masses. The three short solid 
lines indicate the a -o values (from left: 0.03 xlO"" pb, 0.002 xlO"*^ pb, 0.001 xlO"'' pb). 



We generate (i) X2X1 ^iid fif^ events via ISAJET and (ii) SM four-fermion 
final states of i'e,pL,T^e,ii.,TT^'^^ from weak process and e+e^r+r^ {pTt > 3 GeV/c) 
from two-photon (77) process via WPHACTJ For the SUSY events, we choose three 
mSUGRA points, as listed in Table 1. Those events are simulated and analyzed with 
the LCDRoot software package.^ The electron-beam polarization is set to be V{e~) 
= 0.9 (L.H) to enchance the X2X1 signal and the opposite polarization V{e~) = —0.9 
(R.H) is used for the f^fi signal extraction. See Table 2. 

For the L.H. case, we optimize the selection cuts for events over the Tj^t^" 
and SM events: (1) Nj^t = 2 (JADE Y-cut > 0.0025), where each jet passes a th 
identification (1 or 3 tracks; Mj^t < 2 GeV/c^) with Ej^t > 3 GeV; (2) Opposite 
charge between two jets {qj-^ • qj.^ = —1); (3) —qj ■ cosOj < 0.75; (4) Missing px 
(= ^t) > 5,10, or 20 GeV/c; (5) cos 9 {pj2,Pvis) > -0.6; (6) Accoplanarity > 40°; 
(7) Vetoing event if there is any EM cluster with Eduster > 2 GeV in 0.995 < 
\cos 9duster\ < 0.9 (5.8° < Oduster < 25.8°), or any cluster with Eduster > 100 GeV 
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Table 1: Three mSUGRA points for /x > 0,tan/3 = 40, and = by ISAJET7 
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360 
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144.2 


5.7 


A2 


360 


215 


266 
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144.2 


10.6 


A3 


360 


225 


266 


164.3 


144.4 


20.2 



Table 2: Production cross sections (fb) for the SM (excluding 77 process) and SUSY events in e^e 
collisions with different electron-beam polarizations {V{e~) — —0.9, 0, and 0.9) at ^/s = 500 GeV. 
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0.501 


21.1 


3.15 


15.8 
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10.3 



in 2(1)° < Ociuster < 5.8°, or electron/positron with E^. > 1.5 GeV in | cos^el < 0.9. 
In the present study, the same cuts are used for the R.H. case. The results are sum- 
marized in Table 3. With an active mask of covering down to 2°, the LC detector 
would be able to test mSUGRA models with small AM, and being better with 1° 
mask. 

2 Conclusion 

We have examined a feasibility of a 500-GeV LC in probing three mSUGRA points 

in co-annihilation region. Our preliminary result showed that an active mask is very 
critical for the study, to suppress e"'"e~ e'^e~T^T~ events. In future study, we 
will include e+e" e^e~qq where the quark jets are misidentified as r/j's. 
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Table 3: Number of events expected at 500-GeV LC with 500 fb ^ Three mSUGRA points are 

examined. Boldfaced numbers for L.H. (R.H.) electron-beams indicate > 5(j-discovcry sensitivities 
for X2X1 (fifi) over f]^fj~-|-SM (X2X1+SM) background events. The SM "weak" process includes 
all i'e,ij,,Ti^e,ij,,TT'^T~ final states, while the SM 77 is the eerr {ptt > 3 GeV/c) final state. 
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